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FOREWORD

This is the second volume of a two-volume report on the

results of a study on nuclear-radiation heating of liquid

hydrogen and the resultant mixing. The study was performed

at the Nuclear Aerospace Research Facility by General Dynamics/

Fort Worth for the National Aeronautics and Space Administration

under the direction of the Lewis Research Center.

A description of the experimental equipment and procedures

and a discussion of the results are contained in Volume I.

The experimental data are presented in this volume.
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I. INTRODUCTION

Experimental data obtained in a study of nuclear radiation

heating of liquid hydrogen are presented in this, the second

of a two-volume report.

Descriptions of the experimental arrangement, experimental

procedures, calculational procedures, and discussions of the

purposes and results of the study are given in Volume I. Results

of wall heating and radiation map.plng measurements have been

presented in their entirety in Volume I and are therefore not

included in this volume.

Information pertinent to the use of the data presented in

this volume is given in Section 2.



2. DISCUSSION OF DATA PRESENTATION

The experimental data from the Boil-Off and Self-Pressuri-

zation Runs and from the Flow Runs are presented in Sections

3 and 4, respectively. The data from a particular run are com-

piled in a specific subsection for ease of further analysis.

The content of each subsection depends on the type of run, as

noted below:

Section Z_ Boil-Off and Self-Pressurization Runs:

A set of notes on the run

Plots of pressure vs time
Plots of temperature profiles at various

times

Tables of pressure and temperature
data

Section _; Flow Runs

A set of notes on the run

Composite plots of system pressure,

liquid volume, and pressurization

gas volume vs time

Copies of strip-chart-recorded tem-

perature data

Tables of temperature data

A table summarizing test conditions
and results

At the beginning of Section 3 is a table summarizing the

boil-off data from all the runs. At the beginning of Section

4 is a table giving the time history of all the flow runs.

2.1 Test Identification

With the two exceptions @xplained below, each run is iden-

tified by two numbers. The first is the test number, the second

is the reactor run number. The second number is necessary

3



because some tests were repeated. For example, two runs were

necessary to successfully complete test 14; these are identified

as Run 14-97 and Run 14-99.

The exceptions concern tests 8, 9, and 10. Tests 8 and

9 did not require nuclear heating; so these are designated

simply as Run 8 and Run 9, although the self-pressurization

data for test 8 were obtained on one day and the boil-off data

a few days later. The other exception, test 10, included seven

special runs, which are designated as Run 10(8-1)-105, Run

I0(5-I)-i05, etc. (see Subsection 3.3).

All the runs from which the data in Sections 3 and 4 were

obtained are listed in Tables 2.1-1 and 2.1-2. Information

with which to identify the type of test and the types of data

taken accompanies the run number.

2.2 SeQuence-of-Events Notation

All data for a given run are referenced to the same zero

time, corresponding to a given clock time. In general, the

zero-time reference corresponds to the time at which the timer

on the temperature-data recording system was turned on. Where

data of interest were obtained before the zero reference, negative

time indices are specified. Clock times have been used in

the chronologies presented with the descriptions of the non-

flow runs (Section 3) in order to avoid the unwieldiness of

large negative or positive time indices.

The following notations have been used where applicable

on graphs and data tables:
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Notation

Timer On

PS

RL

FS

RS

DP

Event

Timer cf digital data system turned on

Pressurization Started

Reactor Level (desired power level reached)

Flow Started (start of liquid outflow

from system)

Reactor Shutdown

System Depressurized

The relative times at which these events occurred and at

which the liquid level passed a given thermometer or level

sensor are presented, along with the corresponding liquid volumes,

in Table 4.0-1 at the beginning of Section 4. The limited amount

of timing information pertinent to the non-flow runs is pre-

sented with the pressurization data for these runs.

2.3 Temperature Data Tables

Thermometers were located at 30 points inside the LH 2

tank to register temperatures during the various tests. The

locations of these thermometers, as well as the liquid-level

sensors, are shown in Figure 2.3-1 and listed in Table 2.3-1.

Computer printouts of the temperature data were reproduced

for use in this report. Included in the printouts are voltage

readings that were used to check against the input data.

Time, temperature, and voltage values shown in the tables

are given in terms of minutes, degrees Rankine, and millivolts,

respectively. Since time is designated by whole minutes only,

interpolation may be necessary in some instances in order to

correlate measurements with the events noted in Section 2.2.

7



NPC 20,707

i0

9
8

7

6

5

3¸

2

1

,2o

;19

,18

 !7i6

13
12

Ii

_i0

w9_
26 28

27 29

5

2

• Thermometers

--Liquid level sensors

Figure 2.3-i Thermometer end Liquid'Level Sensor Locations



Table 2.3-1

Thermometer and Liquid-Level-Sensor Locations

Thermometer

aFrom

Numb er

2O

19

18
17

16
15

14
13
12

ii

i0

9
26
27
28
29
30

8
7

21

22

23
24
25
6

5
4

"2

Liquid
Level
Sensor

i0

9

8

7
6

5

4

3

1

inside

I

i

2

1

|

bottom of

Vertical

He ight a

(in.)

51.69

47.69

47.O2
45.69

)44.69

44.13
43.69

42.69

42.69
41.69
40.69
39.44

39.25
35.78
35.44
32.3O
31.44
28.82
27.44
26.1_
26.19

26.19

26.19

26.19

25.32
21.44

15.44
14.19

14.19

14.19
14.19
14.19
11.44
10.44
7.44
3.94
1.13
0.69

I o.o7o.o7

tank.

Radial Distance

From Centerline

(in.)

o.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

12.0

14.o
15.o
15.5
16 .o
0.5
0.5
0.5

12.0

14.o
15.0

15.5
16 .o
0.5
0.5
0.5
0.5
0.5
"0.5
0.5
0.5

Vo iume

Below Sensor

(gal)

mm

132.5

13o.1
125.5
122.0

120.3

118.5
115.o
115.0

111.5
lO8.5
lO4.8
lO3.7
91.5
89.6
79.4
76.1
67.2
62.2
58.0
58.0
58.0
58.0
58.o
55.o
41.5
21.4
17.7
17.7
17.7
17.7
17.7
lO.5
8.2
3.7
o.83

_0

_0
;--0

9



The method of interpolation is illustrated in Figure 2.3-2.

On the first page of each temperature data table is the time

interval between successive measurements with a given thermometer

during continuous data sampling. In general, this interval

was 0.309 min, resulting from a sampling rate of 103.6 samples/min

for the 32 channels. Deviations from th_ value during the

entire experiment were less than 0.003 min. Note that only

30 of the 32 channels recorded temperature data. Channels

31 and 32 were used for pretest checkout, and data tabulated

for these "thermometers" (channels) are to be disregarded.

Note also that the first digit is not printed for time values

greater than 99, e.g., lO3 min will appear as 3. References

to preceding readings in the table indicate where the time

is greater than 99 minutes.

Maximum temperatures indicated in the tables are of the

order of 94°R. The amplifier used in the temperature-measurement

system saturated at the bridge output voltage corresponding

to this temperature, so that no higher temperatures were measured

with the cryogenic thermometers, d

Nine thermometers responded intermittently, drifted from

calibration or failed during the experiment. These thermometers

and the runs on which they malfunctioned, together with a notation

as to the type of malfunction, are listed in Table 2.3-2.

Occasionally on Channel 21 (Thermometer 21) and frequently

on Channel 1 during some runs, the multiplexer switch would

intermittently fail to close. This resulted in a zero input

voltage to the digital recording system and an erroneous temperature

indication of 59.7°F. The erroneous data are predominantly

l0



NPC 20,970

E-4

_o

E_

O

E-4

,,-4

E_

r4

E_

O

E-4

O

E-4

O

o

C_

E_

O

O
H

0

_ o
H

O

m

I._ ..(3

O
,,,,..t

iI)

,,,,..t

tl)

O

I._ I_P

-o

Q_

O,,4

m

OOC_

O ! •

_-4 _

_O_

_ ell

,q ID .,-I •

_O
O_ oO_

_o _
•,.4 •

•,-t O _

_4

4_

,,-4

4_

O

O

!

4

11



Table 2.3-2

Malfunctioning Thermometers

" Run ThermometerNumber

No. 1 4 6 II 12 20 21 25 30

8

9

IO-89

11-92

12-90

13-93

14-97

14-99

15-98

15-110

16-101

16-110

17-1o8

18-100

19-I01

19-110

20-102

21-102

22-109

23-IO1

F F C

C F C

C F

C F

C F C

C C F C

E C C C F F C

E E C F F E C

E F C F F E C

E C F C F F E C

E F C F F E C

E C F C F F E C

E C F C F F E C

E F C F F E C

E F C F F E C

E C F C F F E C

E C C F F E C

E C C F F E C

E F F F F F E C

E F C F F E C

F

F

F

F

F

F

F: No useful data obtained on indicated run

C: Thermometer channel off calibration

E: Intermittent input to recording system

12



identifiable, and the primary handicap resulting was some difficulty

in time correlation of the strip-chart recorded data for Ther-

mometer 1.

2.4 Thermometer Strip-Chart Data

Copies of the strip-chart data obtained from several ther-

mometers on each flow run (Section 4) are presented to illustrate

thermometer response as the liquid-gas interface dropped past

the thermometer. The thermometer-bridge outputs and temperature

scales on the chart records are nonlinear. Because of the

large number of records and the purpose of the data, only nominal

temperature values are indicated on these graphs. On some

channels, the recorders responded to the switching transients

of the digital data system and produced timing marks corresponding

to the sampling interval. These have been shown where recorded.

Where determinable, the time interval corresponding to

a 1-in. change in liquid level, At/Ax, has been determined

graphically from plots of liquid level versus time for specific

thermometers and has been noted on the copies of the strip-chart

records.

2.5 Measurement Accuracies

Measurement accuracies are discussed in detail in Appendix

B, Volume I. Liquid-hydrogen temperature measurements were

accurate to _ 0.2°R, with the exceptions discussed under sub-

section 2.3 above and noted in Table 2.3-2. Pressure measurements

near 0 psig (system vented to atmosphere for boil-off measurements)

were accurate to _ 0.25 psi. Measurements above atmospheric

pressure were accurate to _ 8% of the measurement. Boil-off

measurements, in terms of standard cubic feet (scf) of evolved

13



gas, and corresponding heating values are estimated to be accurate

to _ 25%. Pressurization-gas-usage values are estimated to

be accurate to _5%. Repeatability of liquid-volume-versus-time

values during the flow runs was _ _.2 gallons. Possible systematic

error in speclfication of tank volume was _ 5%.

14



3. BOIL-0FF AND SELF-PRESSURIZATION TESTS

Data from Runs 8 through 13 are presented in this section.

Subsections devoted to each run contain the following:

A set of notes on the run

Plot(s) of pressure versus time

Plots of temperature profiles at various time

Tables of pressure and temperature data

The results of the boil-off tests have been consolidated into

Table 3.0-1 and are not reiterated elsewhere.

A chronology of test events is given in Table 3.0-2 to enable

the reader to trace the history of the hydrogen used in each test.

15
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Table 3.0-2

Chronology of Events for Self-Pressurization
and Boil-Off Tests

D

Date Time Event

,, = ,,,

14 Aug 63 1538

15 Aug 63

1538 to 1711

1711 to 1916

1916 to 2016

2016"to 2030

2030 to 2116

2116 to 2124

2124 to 2256

2256 to "23o9

2309 to 2356

2356 to 0007

0007 to 0150

0150 to 0410

041o to 0755

Filled tank to approximately 115
gal.

Attempted boil-off measurements.

LH2 volume reduced to 108.5 gal.

Self-pressurized tank to 20.6

psia.

Tank Vented.

Tank vented for boil-off tests

at 1.405 Mw.

Self-pressurlzed to 40.4 psia at
1.405-Mw power. Shut down reactor
at 2116.

Self-pressurized tank from 40.4
to 41.1 psia by ambient heat
leak.

Tank vented.

about 90 gal.

Tank vented.

Liquid volume,

2.807-Mw power

Self-pressurized to 43.8 psia at
2.807-Mw power. Shut down
reactor at 2356.

Self-pressurized from 43.8 to
44.4 psla by ambient heat leak.

Tank vented. Liquid volume re-
duced to about 60 gal.

Self-pressurized to 22.8 psla.
Liquid volume, about 58 gal.

Tank vented. Approximately 20

gal of LH 2 added between 0630
and 0700 for a total volume of
55 gal.

_A chronology of test events is given because of possible interest in

Run

8

10-89

12-90

the history of the hydrogen used on each test.
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Table 3.0-2 (Cont'd)

Date

15 Aug 63

20 Aug 63

Time

0755 to 0931

0931 to 1007

IOO7 to 1130

1130 to 1215

1215 to 1340

1340 to 1423

1423 to 1432

0210

0210 to 0305

0305 to 0359

0359 to 0435

0435 to 0532

0532 to 0616

0616 to 0805

0805 to 0850

Event

Attempted boil-off measurements
at 1.35 Mw.

Self-pressurized to 59-3 psia
at 1.35 Mw. Liquid volume,
approximately 24 gal.

Tank vented.

Added approximately 45 gal of LH
for a total volume in tank of 692

gal.

Tank vented.

Self-pressurized to 47 psla at
2.55 Mw. Liquid volume, 62.2

gal. Shut down reactor at 1423.

Self-pressurized from 47 to 49.4
psia by ambient heat leak.

Filled tank to 126 gal.

Tank vented for boil-off meas-
urements.

Tank vented for boil-off meas-
urements during ambient heat
leak. Approximately 120 gal of

LH 2 in tank.

Tank vented for boil-off meas-
urements at 1.29 Mw. (data
invalid)

Tank vented.

Tank vented for boil-off meas-

urements at 2.74 Mw. (data
invalid)

Dumped LHg, leaving approxi-
mately 67_gal in tank. Vented
tank.

Tank vented for boil-off meas-

urements during ambient heat
leak.

Run

11-92

13-93

8

10-94

12-94

9

18



Table 3.0-2 (Cont'd)

TimeDate

20 Aug 63

22 Aug 63

26 Aug 63

085O to 0942

0942 to 1019

1019 to 1200

1200 to 1209

1209 to 1244

-15oo

1850 to 1855

1855 to 2103

21o3 to 2125

_i000

I000 to 1303

1303 to 1325

1325 to 1336

1336 to 1351

Event

Tank vented for boil-off meas-
urements during ambient heat
leak.

Tank vented for boil-off meas-
urements at 0.675 Mw. (data

invalid)

Tank vented.

Tank vented for boil-off meas-

urements during ambient heat
leak.

Tank vented for boil-off meas-

urements at 1.42 Mw. Approxi..

mately 55 gal in tank.

Completed filling tank. Probably
topped off again before start of
boil-off measurements but no
record.

Tank vented for boil-off meas-

urements at 5.725 Mw. Liquid
volume, 122 gal. Control system
scram at 1855.

Tank vented.

Tank vented for boil-off meas-
urements at 2.025 Mw. Liquid

volume, ll9 gal.

i Completed filling tank to
approximately 125 gal.

Tank vented.

Tank vented for boil-off meas-

urements at 1.0 Mw. Liquid

volume, 119 gal.

Self-pressurized to 19.2 psia at
1.0 Mw.

Self-pressurized from 19.2 psia
to 30.7 psia at 2.1 Mw.

Run

11-95

13-96

12-1o3

lO(8-1)
-lO5

19



Date

26 Aug 63

Time

1351 to 1507

1507 to 1527

1527

1527 to 1540

1540 to 1648

].648 to 1706

1706

1706 to 1717

1717 to 1730

1730 to 1836

1836 to 1848

1848 to 1944

1944 to 1956

1956 to 2004

Table 3.0-2 (Cont'd)

Event

Dumped LHp and depressurized,
leaving 79 gal in tank.

Tank vented for boil-off meas-

urements at 1.56 Mw.

Changed to Configuration 2
without reactor shutdown.

Tank vented for boil-off meas-

urements at 1.54 Mw. Shut down

reactor at 1540.

Tank vented. Dumped LHo
leaving approximately 63 gal
in tank. Switched to Con-

figuration 1.

Tank vented for boil-off meas-

urements at 2.0 Mw.

Switched to Configuration 2
without reactor shutdown.

Tank vented for boil-off meas-
urements at 2.05 Mw.

Self-pressurized to 23.1 psia
at 2.05 Mw. Shut down reactor

at 1730.

Dumped LH2_ leaving approxi-
mately 30 gal in tank after

depressurization.

'rank vented for boil-off meas-

urements at 2.07 Mw.

Switched to Configuration i
and vented tank.

Tank vented for boil-off meas-

urements at 1.964 Mw.

Tank vented for boil-off meas-

urements at 0.98 Mw. Shut

down reactor at 2004. Liquid

volume, approximately 30 gal.

R_I n

10(5-I)

-105

10(5-2)
-Io5

lO(3-1)

-IO5

lO(3-2)
-lO5

10(7-2)
-lO5

10(7-i)
-106

2O



D

D

3.1 Run 8

This boil-off and self-pressurization test was made without

nuclear heating in order to obtain ambient-heat-leak data for the

full-tank condition. The temperature and self-pressurization data

were obtained on 14 August 1963 and the boil-off data were recorded

on 20 August 1967,

Upon start of self-pressurization, the ullage-gas temperature

rose significatly and the system pressure increased abruptly

(Figs. 3.1-1 and -2). A possible explanation of this occurrence

is that whenever the dewar is vented, the gas being warmed by the

uninsulated tank lid escapes before it can circulate and mix with

the colder gas. When the system is closed, the heat leak through

the lid causes the ullage gas to reach a higher equilibrium tempera-

ture and pressure_ relative to the LH 2 temperature and vapor pressure.
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NPO 20,518
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Figure 3.1-2
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Time :

Time

__I In).....

0

5.0

i0.0

15.o

20.o

25.0

27.0

32.0

42.0

45.0

6o.o

70.o

71.0

72.0

75.5

79.7

Table 3.1-i

Pressure Data From Run 8

1600 to 1936

Pressure

(psla)

15.9

16.3

16.3

16.5

16.7

16.7

17.0

i 16.4

15.9

15.5

15.4

15.4

15.5

15.9

16.0

16.2

............ ent...........

Timer On

PS

Date: 14 August 1963

"Time ................ Pr'e s_sure .................._'ven_"--"

86.6

98.6

105.o

109.7

ii4.4

i20.7

128.8

135.5

143.o

15o.o

_ 155.o

_i i62.7

Ii171.0

1182"3

,f,

ii195.5

16.6

i6.8

17.o

17.i

i7.3

i7.6

18.o

i8.2

i8.4

18.6

I' 18.9

i9.2
i

i 19.6

20.1

20.4

i

20.6
i
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3 •2 Run 9

This boil-off and self-pressurization test without nuclear

heating was made in order to obtain ambient-heat-leak data for

the half-full tank condition, as opposed to the full tank employed

in Run 8. The temperature and self-pressurization data were obtained

on 15 August 1963 and the boil-off data on 20 August 1963. A h_story

of the liquid hydrogen used in these tests may be traced in the chron-

ological summary of events in Table 3.0-2.
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NPC 20,519
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Time:

Table 3.2-1

Pressure Data From

0039.5 to 0410

Time

(mln)

-0

8.5

15.0

22.5

28.3

5o.5

6o.5

7o.5

72.5

76.2

79.8

87.5

99.9

lO5.5

112.7

117.5

126.8

Pre ssure

(psla)

m

14.7

15.o

15.0

15.2

15.2

15.2

15.2

15.3

15.5

15.9

16.6

17.1

17.2

17.8

17.9

18.5

Event

Timer On

PS

Run 9

Date:

Time

(min)

138.6

143.8

146.0

15o.5

154.o

157.1

164.4

17o.5

177 .o

18o.o

182.1

184.5

191.5

201.0

2o9.5

21o.5

15 August 1963

Pressure

(psia)

19.0

19.1

19.3

19.5

19.6

19.8

20.1

2o.5

20.6

20.8

20.9

21.2

21.9

22.2

22.8

Event

DP
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3.3 Run I0

Rum I0 was originally planned as a boil-off and self_.

pressurization run for the full-tank condition with experimental

Configuration I. Temperature and self-pressurlzation data were

obtained during reactor run 89 wi_h approximately 109 gallons of

liquid hydrogen. After persistent difficulties in obtaining boii_

off data on this and other runs, a series of special runs was

made during which the boil-of_ data and some self-pressurization

data were obtained. These runs are identified as 10(8-1)-105,

10(7-1)-106, etc. and included some made with Coufiguration 2.

The self-pressurlzation data are presented in this section.
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NP0 20,520

38

26

22

18

14
3o

PS

4o 0 60 7o 80

Time (min)

Figure 3.3-2 Self-Pressurization Data: Run 10-89

9O
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NPC 20,521

Reactor Configuration 1

LH 2 level, 43.7 in.

46 -- LH 2 volume, 118.5 gal
Reactor power level, 1.00 Mw at t = -I.I min,

2.10 Mw at t = 32.2 min

42

38

34

© 30

C.

26

22

18

14o

A

/
/

/
.1_0 Mw

/
APS

i0 20 30 40

Time (min)

Figure 3.3-3 Self-Pressurization Data:

5O 60

Run 10(8-1)-1o5
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Reactor Configuration 2

LH 2 level, 25.3 in.

LH 2 volume, 55.0 gel

Reactor power level, 2.05 Mw at t = 1 rain

NPO 20,522

3_

c_

04
v

In

04

3O

26

22

18

/

i0

Figure 3.3-4

/
20 30 40
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Self-Pressurization Data: Run 10(3-2)-105

65



Time: _951.5

Pressure

to 2133.6

Table 3.3-I

Data From Run 10-89

Date : 14 August 1963

!

L

Time

(rain)

0

24.2

25.0

28.0

34.0

37.0

39.0

4o.o

42.0

43.0

46. o

48.0

50.0

51.o

52.0

53.0

54.o

55.o

56.o

58.0

61.o

62.0

63 .o

Pre ssure

15.3

15.3

15.3

15.4

15.4

15.4

15.4

16.2

17.3

18.1

19.2

19.8

20.7

21.3

21-7

21.8

22.9

23.6

24.5

24.9

26.4

26.9

27.4

Event

Timer On

1.405 Mw

PS

Time

(mi )

64.0

65.o

66.0

67 .o

68.o

69.0

70.0

71.0

72.0

73.O

74.0

75 .o

76.o

79.0

80.0

81.0

82.0

84.0

84.3

85.o

86.0

87.0

88.0

P re ssure

(psia)

28.0

28.3

29.3

29.9

30.4

31.I

31.6

32.4

32.8

33-5

34.2

34.8

35.o

37.2

38.o

38.4

39.0

40.4

40.4

40.4

40.5

4o.5

4o .7

66

Event

RS



Table 3.3-1 (Continued)

TSme
[min)

89.0

90.0

P_e ssure
{psia)

,,

Event

92.0

92.1 DP

Time
(rain)

PFessuFe
{psia}.

Event
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Time :

Pressure

1303.7 to 1351

Time

(mini

-3.7

-i.I

0.0

0.3

12.3

16.3

21.3

22.3

23.3

24.3

25.3

26.3

27.3

28.3

29.3

30.3

31.3

32.2

Pre ssure

(psia)

14.4

14.4

m

15.0

15.0

14.9

14.9

15.8

16.2

16.5

17.0

17.1

17.2

17.6

18.0

18.3

18.8

Table 3.3-2

Data From Run 10(8-1)-105

Date:

Event

1.00 Mw

Timer On

PS

2.10 Mw

Time

(min)

32.3

33.3

34.3

35.3

36-3

37.3

38.3

39.3

40.3

41.3

42.3

43.3

44.3

45.3

46.3

47.1

47-3

26 August 1963

P re ssure

(psia)

19.2

20.0

20.6

21.3

22.0

22.9

23.5

24.3

25.2

26.1

26.6

27.4

28. i

29.1

3o.4

30.8

Event

RS
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Time : 1706

Time

(mi.)

0

1.0

2.0

3.0

8.0

12.0

12.6

13 .o

13.5

13.8

14.3

15.5

Pressure

to 1730

Table 3.3-3

Data From Run 10(3-2)-105

Date: 26 August 1963

Pre ssure

(psia)

14.9

14.8

14.7

14.7

14.7

14.6

15.4

15.6

15.9

16.2

16.9

17.o

Event

T_ner On

2.05 Mw

PS

Time

(min)

16.O

16.2

18.0

18.2

20.0

20.9

22.0

22.8

24.0

24.2

25.0

Pre ssure

(psia)

17.4

18.O

18.6

19.4

19.8

2o.5

21.3

22.0

22.1

22.5

23.1

Event

DP
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3.4 Run II

Run Ii was scheduled as a boil-off and self-pressurlzation

test for Configuration 1 and a half-full tank of liquid hydrogen.

However, only the self-pressurization data were obtained with a

liquid volume of approximately 24 gallons. The data are presented

in Figure 3.4-1.
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56

52

38

22

18

90 i00 110 120 130

Time (min)

Figure 3.4-2 Self-Pressurization Data: Run 11-92
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Time :

Pre ssure

0755 to i005.8

Time

( in)

0

0

5.0

50.0

55.o

65.0

96.O

97.0

98.0

99.O

lOO.O

lOl.O

lO2.0

103.0

Pressure

(psla)

15.4

m

15.4

15.4

15.4

15.4

15.4

16.4

17.5

18.7

19.8

21.0

22.0

23.2

Table 3.4-1

Data From Run 11-92

Date : 15 August

Event

Timer On

1.35 Mw

PS

Time

(min)

104.0

lO5.O

107.0

Ii0.o

ll2.0

115.0

120.0

125.0

126.0

127.0

128.0

129.0

130.0

13o.8

Pre ssure

(psia)

24.4

25.6

23.o

31.5

33.9

37.7

44.3

50.9

52.2

53.7

55.1

56.5

58.0

59.3

1963

i

Event

RS, DP
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3.5 Run!2

This boil-off and self-pressurization test was planned for

experimental Configuration 2 and a full tank of liquid hydrogen.

Temperature and self-pressurlzation measurements were made during

reactor run 90 with 90 gallons of hydrogen in the tank. The boil-

off data were obtained during reactor run 103 with approximately

122 gallons of hydrogen in the tank.
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Time: 2215.8 to

Table 3.5-1

Pressure Data From Run

0007.4

12-9o

Date: 14 August 1963

Time

(mln)

0

40.6

43.6

46.6

49.6

52.6

53.6

55.6

58.6

61.6

64.6

67.6

70.6

71.6

73.6

Pre ssure

(psla)

15.0

15.o

15.2

15.3

15.4

15.4

15.4

16.9

18.3

19.8

21.I

22.7

24.4

25.o

26.2

Event

Timer On

2.807 Mw

PS

Time

(min)

76.6

79.6

82.6

85.6

88.6

91.6

94.6

97.6

98.6

99.6

100.3

lO3.6

106.4

108.6

ill.6

Pressure

(psia)

28.0

29.9

31.7

33.7

35.6

37.6

39.8

41.8

42.4

43.3

43.8

43.8

44.3

44.4

44.4

Event

RS

DP
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3 •6 Run 13

This _n was to be a boil-off and self-pressurization test

for the half-full tank condition, Configuration 2. Temperature

and self-pressurization data were obtained on 15 August 1963

during reactor run 93. Boil-off measurements were attempted on

20 August during reactor run 96; however, because of pressure

differentials in the modified flowmeter hook-up, only the back-

ground data (ambient heat leak, zero reactor power) were valid.
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Time :

Time

(mln)

-5.5

-0.5

0.0

+ .25

0.9

1.8

2.9

3.9

5.1

6.1

6.9

8.2

9.2

i 10.3

i ii.5
i3.5

14.4

14.8

! 15.6
I

1340.5

Pre s sure

to 1432

Table 3.6-1

Data From Run 13-93

Date: 15 August

P re s sure
(psia)

14.9

15.4

15.4

16.i

16.8

i7.4

17.9

18.5

19.3

19.8

20.4

2i.3

22.4

22.8

24.0

24.5

24.8

25.4

Event

PS

Timer On

2.55 Mw

Time

(min)

17.5

18.6

19.4

20.9

21.7

22.7

23.8

24.7

25.5

26.7

27.7

28.9

29.7

30.7

31.6

32.1

33.0

34.0

34.5

Pre s sure
(psia)

26.7

27.5

28.0

29.4

29.9

30.5

31.5

32.0

32.8

33.8

34.4

35.6

36.3

37 .o

38.o

38.8

39.4

40.0

40.6

1963

Event
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Table 3.6-1 (Continued)

Time

(mln)

35.6

37.0

37.5

38.7

39.7

4o.5

41.5

Pre ssure

(psia)

41.3

42.5

43.2

44.0

44.8

45.5

46.4

Event Time

(mln)

42.7

43.6

45.5

47.8

51.0

51.5

Pressure

(psia)

46.9

47.2

47.6

47.9

49.4

Event

RS

DP

z3z
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4. FLOW RUNS

Data from Runs 14 through 23 are presented in this section.

The results from each test are given in separate subsections

containing the following:

A set of notes on the run

Composite plots of system pressure, liquid volume, and

pressurization gas volume versus time

Copies of strip-chart-recorded temperature data

Table of temperature data

A table summarizing test conditions and results

Pertinent timing information for all the runs has been con-

solidated into Table 4.0-1. In a few cases, on runs where satura-

tion conditions were reached, it was not possible to distinguish

between the times at which the liquid level reached the bottom

two or three sampling positions in the tank.

The test parameters for these runs include LH 2 flow rate,

the tank pressurization, the heating gradient in the LH2, and

the heating rate. The following definitions are used in the

discussions of the parametric conditions for the flow tests:

Condition

high flow rate

low flow rate

high pressure

low pressure

high heating gradient

low heating gradient

Definition

_0.12 lb/sec of LH 2

-_0.04 lb/sec of LH 2

_60 psia tank pressurization

-_30 psla tank pressurization

Configuration l, with which a

relatively high neutron/gamma
dose-rate ratio was obtained

Configuration 2, with which a

relatively low neutron/gamma
dose-rate ratio was obtained
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Heating rates are defined on the basis of the experimental configu-

ration and somewhat arbitrarily on the basis of reactor power

level:

high heating rate

medium heating rate

low heating rate

high heating rate

medium heating rate

low heating rate

Configuration 1

Configuration 2

>1.5 Mw

>0.75 Mw

<0.75 Mw

>3.0 Mw

>1.5 Sw

 <l.OMw

<1.5 Mw

<3.0 Mw

Information contained in the tables summarizing the test

conditions and results is based on the selected intervals noted

in each of the tableS, during whioh_the desired parameters

are stabilized, and effects Of instabilities at the beginning

and end of the run are minimized.
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Table ;4.0-1

Run No.
Date

EV _T :

Timer on [Zero Time)

Press. start-ed- .............

Flow Started
-R_Ecl_-r shut down

Liquid
Level

-_L!_n.)
45.7

___a_2__.7

Timing Data for Flow Runs

0508.5 I. 121a.2 / 0910.4 0406.6 10005"1
...................................Minut @s af t ebz@_ _ Tim@ ................................

..... 4-J51 .............2.1 ......._..... 3T3 ................IIT6-f ............3.7 .....
• za.s ] ...._.6.................7,6............114;9Z]_LLI6;_T

....:--23.-g-j ...........9,8 ............ 9.0 ...............16.3 I 7.o

Liquid
Vo luree

._(ga!.)..........................._.............................................................................................
_.!.?_._5..............=....I ....

122.0 _ - ; - " .....915 ......._ 11;9 '
i-18]5 ...................- ............._,...........10, i .............. 10, _ ......... 12.41

115.o _4.3 '_ ] ......ll'2 I.........ii;-2 .............15.5-I ...........7;5 ........
___ZLI._Y i-i].-_.-5--'. ...... _5.16 ......_............12,-zF-I ........ ]2,0 .......... 16,-4- 1 ?,._--

168-;-- ,o40. ? : _;7--7 ...... --...... [ ..... i_15 ..........YT.Tm--1........8;_ ....

L_35.4 89.6 1 31.5 17.2 15.6 20.2 9.2

L__31,/I 7_.1 : _ 3-5-.-o ......i...........20.1 ...............18_.-i ............. 22,6-- ------1072

_28;8 ......................._7,2-]i ........._.............t...........- .............._9,8 , .............-...............
.... 2-71-Z_ 6_72-'-' i ...........38J6--T ...........22"9..................20, 5............25;1 ................ii.-i- ....

21.4

__14.2 .....
I____Q.4

5_.0 _ - ! - 21.9 ....
_:i__-_ ........_4,9 .....i ........26.? ..............24.2 30..2 ......... !2,.?.
2L]F _.--_5i;; 9 ......] .........36]2 ...............27.8 ............. 37.2 14..j .....-
17.7 i 54.1 | 31.0 28.7_ ....... 3..8-6. ..............._1__...7:4.....
-8]-2---_- ........ 'F .......32,,8 ................30,;6 .......

o.e i 60._ ! 35.-0 ....... 32;-3 ......... 45;2 .............. - ............
o I @67._---35.-_.... T$_._5........ i-_.9--

t
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Table 4.0-i (Cont'd)

Timing Data



Table 4.0-1 (Cont'd)

Timing Data

Run No. 20-102
8=22:631 :28:6 18-2 -6 

......Tfme-ron ....................... 0557.2 I 0949.2 I 0o46,5 I 1932.2
Minute@ afterZer0 Tlnie '

Press. started .................... =0,4 ......... 2.2 ............... 5]_9 .......... 216 .........

At iev-ei pidW:#_r_:i:iL:':L#_o. 2 2.8 .... ..........Z.4.................2.0 .......
Flow started ......... 2.9 ............. 5'I .....................8;5 ............. 2'9 .......

--__R_ea-c.f�fi S_hut__.d_iq_/] - ] ......33..i....... !7,7 ...... 17,8 i.i] _5-3 i .

Liquid Llqui¢
Level Volume

!--_-1_ 122:6
i 43.7 118-J5

-- !

................- .....................2,8
6.5

6,1 i..t ....
"6,2;_ ..............

............8,7 .....I........ 2.9
.... 9.0 1 4.5

_:i]_2] ........ -[][]:!,1i..5] .......... _, 2 7. O . 9.5 i " 4.8

F--I.173-;7'-- .... 10_.0_ _ 0 7.5 9.8 [ 5.2 "[---j�:II - ........... --1(J3.5 .......... : 0 .......... 8,1 ....... i0 0 _ 5.7 ....
[-35;8 9_,5..............8.1 "89.6.......o.-,,...............................,Lo....[...............

:-_ Z9:;4--I.....ZO,8.............- ............ - _ .... -
L3_-3 ?6:_F--Y_:, 6 ..........zo, 5......[.......12, l. ......... 8.1-
1_-8:-8 ...............................67.21 ..... 13.6 ..... - i ....... - -

1"--'_7'-;fi ........................ 62.2 L_].. 1LI. 8 ll'8 1 13.0 i ......... 9,3.

i 26.2 ---5_]8"6 .......... 15_.8 .......... 12.2 .....I.........i3,4 ' 9.9
1 29.3 55](J ......... 16.6 ........ : ...... [_:_ ...: : ].:1- .::_ .. :.. ........
i--21-.Ll "..................... 41'-5 ...........19.8 ...... 13.7 { 14.6 1 11.2 '.
1 15.4 2i,4 ........ 24.9 i.... ...... 15.6 ............. i6.6 [...... ..........13.2 ........
,F--1-_,-_ 17.7 ............26;3 ......, 16,0 [ .... 16.4 .... I..... 13.7 ...........
, lO._ sin: ......._8.8.....: ...........=...........;.............-: .......t.........- .............
..... 7-,/.i 3.7'. ............30.5 " " 17.3, 17.4 ....... -ii1:8 .........

3.9 o.8 ..... 3_2-.6.... :.........17.6- I........ 17,6 ........i....... 15.1 "

'--i%.i 0 ............ 33'3 ........: 17.7 [ 17.7 .......!........ 15.-3 ........
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4.1 Run 14

Run 14 was a low-flow-rate, low-system-pressure, low-heating-

rate test made with Configuration 1. Specifically, the desired

test conditions required a O.04-1b/sec flow rate and 30-psia

system pressure. Two reactor runs were made.

Reactor Run 97

A summary of parametric conditions and test results is pre-

sented in Table 4.1-1. Timing information for the run is given

in Table 4.0-1. Pressure and flow data are presented in Figure

4.1-1 and strip-chart data for the individual thermometors are

reproduced in Figures 4.1-2 through 4.1-10.

The tank was filled 23 minutes before the timer was turned

on for this run, or 46 minutes before flow started. This was

the first flow run, and difficulty was encountered in obtaining

coincidence of the specified system pressure, reactor power,

and start of flow, and in obtaining a steady flow rate (see Fig. 4.l-l).

Pressurization started 19 minutes before flow began, and the re-

quired power level was reached 9 minutes before flow was started.

The flow rate decreased after t=40 minutes and was increased

by adjustment of the flow control valve after t=55 minutes.

Saturation conditions were reached at approximately t=50

minutes (volume = 29 gal),_ as indicated by the constant tempera-

ture recorded by the submerged thermometers from that time until

the end of the run (Figs. 4.1-7 through 4.1-10 for Thermometers

7, 25, 4, and I).

As expected, the amount of pressurization gas (PGH 2) required
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after saturated conditions were reached was small. The existence

of a thin stratified liquid layer (< 1-in. thick) is indicated

by the strip-chart recorder (SCR) data for Thermometers 14, ll,

lO, and 9, and 8 (Figs. 4.1-2 through 4.1-6). The SCR data for

Thermometer ll is presented, although its response was erratic.

The rise in gas temperature as a function of time and dis-

tance above the fluid was nearly linear during the period when

the flow rate was quite small (Figs. 4.1-7 and 4.1-8).

Reactor run 99 (below) was made in an attempt to obtain

a constant flow rate and better starting conditions.

Reactor Run 99

The heating-rate (reactor power level) was reduced for this

second trial in an effort to prevent boiling near the end of

the run. Parametric conditions and test results are summarized

in Table 4.1-3. The pressure and flow data are plotted in Figure

4.1-11; the strip-chart data are reproduced in Figures 4.1-12

through 4.1-21.

The tank was filled approximately 20 minutes before the

timer was turned on for this run. Other timing information for

the run is given in Table 4.0-1.

Some difficulty was encountered in obtaining the desired

system pressure; however, pressure was stabilized at 29.6 psia

for the latter half of the run (Fig. 4.1-11). The flow rate

was slightly higher than desired - 0.048 lb/sec instead of 0.040

lb/sec. - and, in spite of the reduced heating rate, saturation

temperatures were reached near the end of the run as indicated
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by the data for Thermometers 4 and l, shown in Figures 4.1_20 aud

4.1-21, respectively.
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Table 4. i-i

Parametric Conditions and Test Results Summary

Starting Conditions a

Volume (gal)

Pressure (psia)

Temperature b (OR)

Weight c (ib)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Tempe(°R)

Run Data

Temperature Rise (oR)

Run Time f (mln)

Flow Time (rain)

Flow Rateg °(gpm)
(ib/sec)

Power Level (Mw)

Integrated Power (Mw-hr

for Run 14-97

___ Conditions

.....Desired .......Obtained .....

66 - 74

3O

_41.3

41.3

4

27- 33

27- 33

4.O8
O.O4

0.625

O. 313

115

3O

37.9

67.2

30.5

41.38

41.36

3.5

45.9

36.2

3.18
o.o31

o.7n

o.544

Minutes After

.........Ze.rq....T.ime

24.3

59.5

24.3 - 59.5

14.5 - 60.4

24.3 - 60.5

Immedlately after pressurization at indicated time.
At bottom of tank.

Temp - 37.9OR, Vol. - ll5 gal, p = 4.37 ib/ft 3 = 0.584 ib/gal.
At 1 mln before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-Rydrogen. NBS Tech Note 130 (Dec. 1961).
_Time from reactor at level power to tank empty.
gInltlal volume (or weight) divided by flow time.
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Table 4.1-3

Parametric Conditions and Test Results Summary
for Run 14-99

Conditions

Starting Conditions a

Volume (gal)

Pressure (psia)

Temperature b (OR)

Welght c (lb)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Tempe(°R)

Run Data

Temperature Rise (OR)

Run Time f (min)

Flow Time (min)

Desired

112 - 125

3O

66 - 74

3o

_41.3

41.3

4

27 - 33

27 - 33

Obtained

118.5

27.5

37.2

69.7

29.6

40.6

_1.2

3.4

29.7

24.1

Flow Rateg" (gpm)

(Ib/sec)

Power Level (Mw)

Integrated Power (Mw-hr

4.08

0.04

0.5

0.25

4.92
0.O48

0.492

0.244

Minutes After
Zero Time

i0. i

34.2

i0. i- 34.2

5.6 - 35.3

lO.l - 35.2

almmedlately after pressurization at indicated time.
bAt bottom of tank

CTemp = 37.2OR, Vol. = l_3.5gal, p - 4.398 Ibs/ft3 = 0.588 ibs/gal.
dAt 1 mln before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-H_drogen. NBS Tech Note 130 (Dec. 1961}.

fTime from reactor at level power to tank empty.
gInitial volume (or weight) divided by flow time.
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4.2 Run 15

Run 15 was a low-flow-rate, high-pressure, medium-heating-

rate test made with Configuration 1. The run was repeated once°

Reactor Run 98

Parametric conditions and test results are summarized in

Table 4.2-1. Pressure and flow data are shown in Figure 4.2-1;

strip-chart data are given in Figures 4.2-2 through Figure 4.2-11o

The tank was filled 65 minutes before the timer was turned

on for the run. Other timing information is given in Table 4°0-I.

The PGH 2 valve was closed inadvertently for a short time

at about the time of flow start (Fig. 4.2-1). With this exception,

system pressure was fairly constant. The flow rate, although

excessive, was fairly constant. The tank was emptied in approxi-

mately 22 minutes instead of 30 minutes.

The run was repeated during reactor Tun !!0 in an attempt

to obtain a more satisfactory flow rate.

Reactor Run II0

This repeat of Run 15 was more successful than the original

run with respect to the flow time and mean flow rate. A constant

flow rate was difficult to maintain and it was necessary to readjust

the flow control valve on several occasions during the run.

The pressurization gas supply was exhausted near the end of the

run, so that at approximately two minutes before the tank was

emptied the pressure started to drop (Fig. 4.2-12). The tempera-

ture of the liquid dropped approximately one degree, as indicated

by the submerged thermometers (Figs. 4.2-19 and 4.2-20).
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The tank was filled 40 minutes before the timer was turned

on for this run. Other pertinent timing data for this run are

given in Table 4.0-1. Parametric conditions and test results

are summarized in Table 4.2-3.

The gas used for pressurization on this run was a mixture

of 10% by weight of hydrogen and 90% by weight of helium. The

use of a mixture was necessitated by exhaustion of the hydrogen

supply.
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Table 4.2- I

Parametric Conditions and Test Results Summary
for Run 15-98

Starting Conditionsa

Volume (gal)

Pressure (psia)

Temperature b (°R)

Weight c (lb)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Tempe(°R)

Run Data

Temperature Rise (OR)

Run Time f (rain)

Flow Time (rain)

Flow Rateg: (gpm)
(Ib/sec)

Power Level (Mw)

Integrated Power (Mw-hrl

Conditions
Desired

112- _2_

60

66 - 74

6O

_z47

47

8

27- 33

27- 33

4.O8
O.O4

1.0

0.5

Obtained

1!8.5

59.6

37.4

69.86

59.8

42.5

_v47

5.1

24.9

22.3

5.31
o.o52

o.985

0.409

Minutes After
Zero Time

I0.2

31-5

10.2 _ 31.5

7.6 - 32.5

lO.2 - 32.5

Immediately after pressurization at indicated time
At bottom of tank.

_Temp = 37.4°R, Voi.:i18.5 gal, p - 4.409 ibs/ft3 : 0.5895 lbs/gal.
At 1 min before tank was emptied and/or at indicated time.

eH. M. Roder add R. D. Goodwin, Provisional Thermodynamic Functions

ffor Para-Hydrogen. NBS Tech Note 130 (Dec. 1961).
Time from Reactor at level power to tank empty.

glnitial volume (or weight) divided by flow time.

231



0 00
,-_ _-I ,-I

(I_) eUml0A _R-X

0 0
cO _O

0 0

NPC 20,500

O

\
\

\

\

O_

m

O4

o0

\
\

/

O OO

O O
P- .O

\
\

o
0

o
.io

0

g

e..I • 04
0 E

•,.-I % 0

0 0 _

0 0 _
4o .._ co
0 0 _,1

I

e-i

ID

rt
o

/
/

e"

o

0

\
\

(_e_j o_qno pa_pu_g) emUlOA gHO

0 0_0__0 Lf_ '-'-"
O,J ,--4 ,-I

0 0 0

(_d) _ns_e_

l

T_

\

I
0 0
,-I '

!

,-I

4o

0

E_

0

!

cO

232



NPC 20,545

51.4

50.2

48.8

0
v

_w

47.5

G)
_ 45.9
®

E-A

r-4
m

--4

0 _4-3

,4X =

I
I in

I

I
. ........_

I
..4

/
!

/
42.5

40.6

38.9 -

38.3

37.7 -

37 .I
8 9

Figure 4.2-2

i0

Time (min)

/

Strip-Chart Temperature Data:

Thermometer 14

ii

_un 15'98,

12

233



NPc 20,546

Approx l_°R

(channel off calibration)

o
v

@}

E
O

T !

Ax = 1 in. --_

I

!

/

]

Figure 4.2-3

14 15

Time (min)

Strip-Chart Temperature Data:

Thermometer ii

Run 15-98,

16

234



NPc2o,547

51.4

50 •2

48.8

_7.5

0

_5.9

E.4

4A.7--
_ _.3

0

_x = i in.

I I
!h-
I

J

42 •5

ho.6

39.0 --

38.3

37.7 --

z5

Figure 4.2-4

16 17

Time (rain)

Strip-Chart Temperature Data:
Thermometer i0

/
i

18

Run 15-98,

235



NPC 20,5h8

o
v

O

O

O

59.0

5h.O

46.3

43.8

41.6

40.0

38.9

38.3

18

Figure 4.2-5

I

19

/
/

20

Time (min)

Strip-Chart Temperatur9 Data:
Thermometer 9

/

21

Run 15-98,

/
/

236



52.6 -
NFC 2O,549

51.4

50.2

48.8

0

a)

47.5

c_

®

N 45.9

0

k04..3

_x = 1 in.--_

42.5

40 •6

38.3
21 22 23

Time (mln)

Figure 4.2-6 Strip-Chart Temperature Data:
Thermometer 8

z4

Run 15-98,

237



65.4

64.0

62.4

60.8

59.5

58.3

56.7

55.z
4_

53.a

5z.6
,-4

c

0

_7.a

46.2

_4.6

43.0

41.8

40.6

26

Ax = i in.
I"

/
/

/
!

Figure 4.2-7

27 28

Time (min)

Strip-Chart Temperature Data:
Thermometer 7

NPC 20,550

f
f

//
/

29

Run 15-98,

238



52.6

NPC20,551

51•4

50.2

o_ _8.8

® 1,7.

E-4

e-t

_ 45.9
Ax = 1 in.--"I

44.3

42.5

41.6

_0.6

| __-..---- J

27 28 29

Time (min)

Figure 4.2-8 Strip-Chart Temperature Data:
Thermometer 25

Run 15-98,

3O

239



52.6

51.4

50.2

NPc 2o,552

% 48.8

%
ID

_. 47.5

,-t

,,,-t

_ 45.9

44.3

42.5

41.6

41.2 -

4o.8

40. 4 -

39.6
F

26

Figure 4.2-9

_x = i in. --_

i
J

27 28

Time (rain)

Strip-Chart Temperature Data:
Thermometer 22

29

Run 15-98,

240



52.6

51.h

50.2

" 48.S
O
v

_D

4_

F-I

_ 45.9
0

Ax = 1 in.---_,

NPC 20.553

i
/
/
A

h4.3

43.4

42.5

_.5
I

I
I

f_

J

40.6

29 30

Figure h.2-1o

31 32

Time (min)

Strip-Chart Temperature Data:

Thermometer 4

Run 15-98,

33



46.4

o

_44.0

_42.4

e-t

_ 4z.a
_ 4o.4

39.7

39.0

38.2

37.5
27 28

Figure 4.2-11

Z

J

29 30 31

Time (min)

Strip-Chart Temperature Data:
Thermometer 1

32

Run 15-98,

242



u_
F-
UJ

0
Z

f_U
1"
F-- UJ

_r

4_

I

.,.J

I-.
Z
U.J

k,,,l

tU
D.

a_
0
U.

a_

t_

C_

a_
U_

-r

F,-

w"
0

N

,.U

p.,q

I.-

I-.

(D

_43



LU
I--
U.,I
!"

I:

3:
I.,,-

*o o •

Iitlii

u.J
sr

I,-.
NNNNNNNNNNflNNNNNNNNNNNNNNNNN____

n3

%
o
_j

I
CM

r_

(,.,-1
,,al:

l-,-
fe_ ,,.I

O

LU
I,.-
U.I e._
sr Z
0 _U
1- l,.-
el.
I.U
"r

:IE

I-,

LU

I,-.
I'M .,.I

(3

t--
i11 _.

(:3

,,v,
I,.U
"r
I,-- U.I

h-,

..... _ ........... _.._._. : .... _ ...:_..
I1_111

I

NN_N_NN_NNNNNNNNNNNNNNNNNNN____

IIIIII

NNNNNNNNNNNNNNNNNNNNNNNNNNNN____

i11
i.-,
u.I
z
o
sr

I.u
=
1..,.

o IIIIII

LU

p-



a0

ua
1-

t-
0
l-

cu
-r
I.- UJ

X

'0

L
0

r.)
v

!
¢xl

h.

I.U
I--
UJ
]E
0
I"

n_
U.;
"I"
I..-

,0

LU

W
sr
0
I"
a_
UJ
I-

U.;

I-.
..l
_3

X

00000000000000000000000000000000000000000000
0 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

I I I I I I I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I

U.I
11"

U_

U.I

C3
I"

uJ
1-

W_
_3

0

t.W



a0

ul
1-.
I.u
!"
0
_r

u.I
3:

I I I I I __NNNNN_NNNNNNNNNNNNNN_
I I I I I I I I I I I I I 11 I I I I t I I I I I I f I

0

v

c_
I

0

U_
"r

W

(:3

ILl

0 _o

3:

_0000000_0_00_0_0000000000_0000_000_00_

IIIIIIIIIIIIIIIIIII11111t1111111111111111111

IIIIIllllllllllllltllllllllltttlllilltllllll

O_
_E
0

Q IIIIIII

NNNNNNNNNN_NNNNNNNNNNNNNNNN_____

_46



(%1

uJ

W

(3

UJ

I-.

]dd2_d_J_]d_g_d;_Jg_2;2_d2_dd;dddggdd

IIIIIIIIIIIIIIIIIII_NNNNNNNNNNNNNNNNNNNNNN
) I I I I I I I I I I I I I I I I I I I I I I I I I

UJ

n_

o
co

I

,,.-I

u.t

0
_r

LI.I
-r
I..-

0

_U

Ill
E
Q
E

UJ
=
I"

eoeooool_leoeeooeellolleeleeelleeeoeeleeeee

O I I I N_NNNNNNNN_N
I I I I I I I I t I I I I I

ooooooiooeleoeoeoeloleeeoeoeeeeoleeoeooeooeo

UJ

I.-

UJ
5"
i.-i
I--

_M

X

M-
_E

2)47



N

ul
I--
UJ
I"
(3
Z:

-r
I--

W 000000_00000_0000000_00000000_00000000_00_
______0000_0___0_ _

dddgg_g_g_g_ddg_gg_ddgdddgdgddddgddgdddg

I I I I | f f I t | I I I | I I I I I I I | I f f I I f I I I I I I I I f I J I | f | !

iJU
I:

%

o
u

O4
I

[._

p_
<_

UJ

.1-.
,-_ .a

UJ

_J 0.

E) UJ
ar _..

LU
3:
_.- UJ

I,--

O

UJ

U.I
ar

=E

_J
:%:
IN

o
0000000000000000000_0000000000000000000000

I I I I I I I I I t I t I I I I I I I I t I I I I I I I t I I I I I t I I I I I I I I I

NNNNNNNNNNNNNNNNNNNNNNNNNNN_____

LU _m__O_o0000oo0000000ooo00ooO_o_oooo

d_d_2_d_dgdgdd_d_ggdd_dddgggggg_dgddd

i I i I I t I I I I I I I I I I I I I I i I I I I t I I I I I I I I I I I I I I I I I I

uJ

NNNNNNNNNNNNNNNNNNNNNNNNNNN_____

0_

UJ
I:
(3
!"

L_

m

I I I I I I _000000000000000000000000000000000000

llllllllllllllllllllllllllllllllll|lll

248



ua
z
(3
_r

T

e

__N I _O_OOOOOOOOOOOOOOOOOO_OOOOOOOOO
O II_NNNNNNNNNNNNNNNNNN_NNNNNNNN_
) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I !

U.I
_r

'1:1

0
L_

O4
I

O4

Ixl

i.,,l

ILl
t"
HI
:IE
(3

I.g

I"

"4'

_J.,I
I"

!"

O
I:

LLI
:=
I-.-

N_O__N__N_OOOOOOOOOOOOOOOOOOOOOOOo

_22_d22_g2_ggg_ggggggggggggg_ggdgg_d_ggg
mmmmmmmmmm_ __oooooooooooooooooooooooooo

) I I I I I I I I I I I I I I I I I I I I I _ _ I i i i _ _

LU
_r

_g24_g__g_dg_d4_422_dgddgdgddddggdddddggd
O III_NNNNNNNNNNNN_NN_NNNN_N_N
) IIIItllllllllllllllllllllll

LI4

I.i

I.--

O
I:

u.I
"1-

g229292g__d_g_g_g2ggdg_d_dd_dd_gd_gggd
____¢NI¢I_I_OOOOO_OOO--OOOOOOOOOOOO

) I IIIIIIIIIIIIIIIIIIIIIII

=E

2)49



,0

.ii

LU

0

,ll
3:

W 000000_0 0000 _00000000000000000000000__0o_

0000000000000000000_000000000000000000000

I | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

i11
:E
,--4
5..

"O

L
o
L)
V

04
I

Cq

LI%
-.4

ii,

LU
_r
(D
=E
C(
UJ
T

,,,4

0_
uJ
I--
LU

O
E

000000_0000_000000000000000000000000_00_00_

. g_d_g_gggg_g_gg_gggogggg;;gggggdg;;gg_g_d
O00OO00000000000000_O_O0000000000000000000

O NNN_NNNNNNNN_NN_N_N_N_NNNNNNNNNNN_N_NNNNNN
> I I I I I I I I I I I I t I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I

oeoooleeooooeleoeoooeeloolloleeeoeoeloeeoele

,JJ

_ OOOO000000000000000000000000000000_ _ _ _000

;dd;gd_dd;dd;_;ddd;__;d;dgdg;;dgg_dd4_;dd
00000000000000000_00_00000000000000000000

O NNNNNNNNNNNNNNNN_NNNNNNNN_NNNNNNNNN_NNNNNNNN
> IIIIIIit111111ttllt1111111111111111111111111

LU

--4

UJ

UJ

O
I"

_Z
UJ
"r

_00000_000000000000000000000_0000000_0000

Z dddd;;;g;;;;;;;g;gdd&;g;;dddg;ddddd;;;g_d;;;
00000000000000000000_0000000000000000000_000

> IIIIIIIIIIIIIIIIIIIIIllllIIIIlllllllllllllll

uJ

I--

25o



0

'I"

0
s-

tu
-T-

0_000000_00000000000000000000000000000000000

  ;gg  d ddg gd;dd dg   g gggddd ggdggggdg;d
_00000000000000000000000000_000000000000000

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

L

0
_J

O4
!

O4

uJ
I--
uJ
X
0

I-

cO
,=,l

UJ

_U

0

UJ

___0000000000000000000000000000_0000

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

I--

____00_00000000000000000000000_0000
_ _0_0___ ____0_

     d 2d     g     dd gdd dggdd dggdgddd d 
_ I __000000000000000000000000000000000

I I I I I I I I I I I I I t I I I I I I I I I I I I I I I t I I I I I I

ooeolooeoooeeoeeeoeeoeeoeeoooeoeeooeooeeeoee

UJ
5"

F--

i--

Q
X

T.

__ _N__O00000_O00000000000000000

     d dddgd       dddd   ddgg dgdgddddgdd g
__ I I I I I I _0000000000000000000000000000000

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

_U



0

W
k-
W

I-
1:3

UJ
X:
I,-

00000000000000000000000000000000000000_0_

I I I I I I I I I I I I I I I I i I I I I I I I I I I I I I I I I I I I I I I I I I I I

14.1

I--

L
0

v

I

LU
k-,
_U
T
0

_Z
W

I--

O0

I--
UJ

0

'.U

I,-

000000_ 000000000000000_00000000000000 _ _000

o
0000000000000000_00__00000000000000000000

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

,4.1

I--

000000_000000000000_000000000000000_0_00_

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I t I I I I I I I I I I I

ILl

Im

m.

uJ

k-
,.u

n_

-i.-
i-

000000_0000000000000_00000000000000__000

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

2..52



N

_J
5"

UJ

W

h_
.J
0

!"

"o
L

O

I

r._

N

tAI
I..-
UJ
!"
(:3
w"

_AJ
Z
I--

tAI
I.--
UJ
:lE
C3

U,,I

I,--

oeeeoooeooooeoeooeoeooooooeeoooeoooooeeoeooo

>

eoeoooeeeeeeoeeoooeeeeeeeeoeeeeeeeeoeeeeeeee

W
lC

k-

-I

N

UU
5"
CD

uJ
I-
F.-

e

___ I I I I I I I I I I I t I I I I I I I I I I I I I I I I t I I I

253



N

ILl
I,,.-
U.I
X
O

I,.14
"r
I,--

0 I I I I I I ___ I
) I I I I I I I I I I I

l.U

s-

cI
o

v

C',I
I

O,I

W

er_
N Q

u,.I
I,-.

E
(3 I,_

LM
-!-
I,.- U.;

I--

Lt,I
O

l,.,-
N ..J

0

tW
l--

0 u_
s- ;...

u_

l-- tU

I--

NNNNNNNNNNNNNNNNNNNNNNNNNNN_Q_Q_Q_QQ_

NNNNNNNNNNNNNNNNNNNNNNNNNNN_____

uJ
I--
U.I

0

I--

G&GGGGGGGGdGGGGGGGG&GGGG GJ 3GX3 G3G  GJG  J
I I I I I I I I I I I I t I I I I I I I I I I I I _N¢_@O_N_¢_¢¢M

O IIIIIII ___1
) IIIIIIIIIII

WJ

25 4



00
N

iii
I-
W
X
C)
Z
,v
UJ
-r

I--

0

I"

I--

L

o
_o

!

C'4

_Q

p,.
-4

UJ

uJ
_r
(D

-r
t--

N

a_

_r

"r

ooooeeoeOooOeoeeeoeoeeeoeeooeoooooeeoeeoeoeo

]C

F-,

(,.9

..J
(D
:m

N

_U

_r

UJ
"I-

&U
0

..J
0

O.

,u
f-

LU
_r

e55



cO
N

I,M
I-
I,M
_r
0
I"

W
:F....
I,,,,-

W __NO_OOOOOOOOOOOOOOOOOOOOOOOOOO_OO_

• o • •.    dod®;g 4g gd gdggogggggg  dgddgggd;  gdgd
_,_ _O_ _O O OO O OO _ _ O OO OO O Oo OO O OO O O OO OOO'O O

I I | | I I I I | | I I I | I | 0 0 I | I I I I I I I I I # I I J I I I | I I

:K

).-

L

0

!

UJ
O

l.-

r,,,. .._
N O

:m

I,u
I.-
t.u _.
I" _,"
(D UJ

M.I
-r
I-,. U.I

LU

',,0
N O

t.l.I
I,,-
t,_

_ _ _O_O OOOOOOOOO_OOOO__O_

IIII__NNNNNN_NNNNNNNNNNNNNNN_NN_NNNNNNN
I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I

___O_________
_NN_O_NO_OO_OOOOOOOOOO_OOOOO_¢__

IN_O__OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
i i i i ___N_NNNN__N_NN_N_NNNNN_

i I i I i I i I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

N_N_NNNNN_NN_NNNNNNNNNNNNN_____

N

U,,,I
l,,-

',Jr'
O
Z

im

i I I I I I I I I I I

,u



N

o_
I-.U.I
O

o_

-r
I-,

OOOOOOCOO_O_OOOOOOOOOOOOOOOOOOO_OOOOOOOOO,DOO

g_gg_g_ggddggggdg_dgg_dddgggg_gg_gg_g
OOOOOOOO_OOOOOOOOOOOOOOOO_OOOOOOOOOOOOOOOOOO

I I I I I I I l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

O_

t,=.

O

L "
¢K

O "1"

v

O4
!

O4

0_

o

I...,
I.O

O

1.=

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

I I I I I I I I I I I I I t t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

m..,I
I=,-

I'.=
..J
0

0_

O
_r
I"/

"r

I,i.

257



f%l
f_

UJ
I--
UJ
5"
0
5"
e,,
LU

I--

000000_000000000000_000000000000_00_0_0000
__m____N___O0_O__ _

a ::::::::::::::::::::::::::::::::::::::::::::
000_00000_000000000_0000000000_000_00000000

0 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN_NNNNN
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

tAJ

I.-

L

0

v

!

¢_1

'1-,.
,-w ,,.,I
f_ 0

UJ
I,,,
W O.
sr I-
0 _U
5- _.

UJ

_.. yJ
sr

L_
t_

0 -J
f_ 0

'.&l
I--
LU a.
s- 5"
0 _U

UJ

_-. LU

I--

__m__O0_O0000000000000000000_O_O0_
0000000_0____0_____

__JJ_g_JggJdgdgdggdgdggggggddggddjgJ_d_
0000000000000000000_0_00000000000000000000

I t I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I t I I I I I I I I I I

eeoeoeeeeeeeooeeoeeooeee_eeeeooeeeoeeeeoeeeo

_0__ _0_0o000000000000o_00000__ _000

_0__00000000_0_00000000000000000000

I I I I I I I I I i I I i I I I I I I I I I I I I I I I I I I I I I I I I I !

eoolo_eeei_e_eeeooee_oe_ol_oieel_eo_oeeeeo

___0_________

_J
5"
0
5"

_J

_==

0 _ 0000000000__0000_00_ _ _0_0
e • • •. _gdg_go__J_g_dd_gd_j_g_dgdddgJJddggg_

J l I l I I 1000000000000000000000000000000000000

I I I I I I I I I I t I t I I t I I I I I I I I I I I I I I I I I I I I

UJ
.,K

N,

258



Table 4.2-3

Parametric Conditions and Test Results Summary

for Run 15-110

Startln 5 Condltions a

Volume (gal)

Pressure (psia)

Temperature b (OR)

WeightC (ib)

Final Condltlons d

Pressure (psia)

Temperature (OR)

Saturation Temp e (OR)

Run Data

Temperature Rise (OR)

Run Time f (min)

Flow Time (mln)

Flow Rateg:(gpm)

(Ib/sec)

Power Level (Mw)

Integrated Power (Mw-hr

Conditions

Desired

112 - 125

60

66 - 74

6O

-_47

47

8

27 - 33

27 - 33

4.08

0.04

i. O0

0.5

Obtained

115

60.4

37.1

67.97

60.4

44.8

47.1

7.7

30.3

29.6

3.89
o.o38

1.o43

O. 515

Minutes After

Zero Time

15.6

44.0

15.6 - 44.0

14.9- 45.2
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CTemp - 37.1OR, Vol. - ll5 gal, p - 4.417 lb/ft3 = 0.591 lbs/gal.
dAt i min before tank was emptied and/or at indicated time. °

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions

ffor Para-Hydrogen. NBS Tech Not--e-130 (Dec 19bl).
Time from reactor at level power to tank empty.

gInitial volume (or weight) divided by flow time.
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4.3 Run 16

Run 16 was a high-flow-rate, high-pressure, medium-heating-

rate test made with Configuration 1. The test was repeated once.

Reactor Run lO1

Parametric conditions and test results are summarized in

Table 4,3-I. The test data are presented in Figures 4.3-I through

4.3-I0.

The tank was filled 20 minutes before the timer was turned

on for the run. Other timing information is given in Table _.O-1.

The flow rate and pressure stability were satisfactory;

however, the flow rate was slightly higher than desired, 0.135

lb/sec instead of 0.12 lb/sec. The temperature rise during _he

run was lower than desired, l.l°F instead of 2°F.

The run was repeated during reactor run llO in an attempt

to obtain a more satisfactory flow rate and greater temperature

rise.

Reactor Run ll0

Parametric conditions and test results are summarized in

Table 4.3-3. Pressure and flow data are given in Figure 4.3-11;

striP-Chart data are reproduced in Figures 4.3-12 through 4.3-19.

The heating rate, or reactor power, was increased 30% to obtain

a greater temperature rise.

The tank was filled 39 minutes before the timer was turned

on for the run. Other timing information is given in Table 4.0-1.

System pressure stabilized at approximately 54 psia. The

pressure and flow rate were satisfactory after being stabilized,
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and the flow rate obtained was essentially the same as that for

the first trial, 0.134 lb/sec (Fig. 4.3-11).

Pressurization gas used for this run was a mixture of 66%

by weight of helium and 34% by weight of hydrogen. The use of

a mixture was necessitated by near exhaustion of the hydrogen

supply.
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Table 4.3-1

Parametric Conditions and Test Results Summary
for Run 16-101

Starting Conditlonsa

Volume (gal)

Pressure (psia)

Temperature b (°R)

Weight c (ib)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Temp e (OR)

Run Data

Temperature Rise (OR)

Run Time f (rain)

Flow Time (rain)

Flow Rateg' (gpm)
(Ib/sec)

Power Level (Mw)

Integrated Power (Mw-hr

Conditions
Desired

112 - 125

60

66-

6o

L 47

47

2

9-

9-

12.25
0.12

0.75

o.125

Obtained

74

ii

ii

115

60

37.2

67.97

59.1

38.3

46.85

i.I

9.3

8.4

13.7
o.135

o.715

0.111

Minutes After
Zero Time

7.5

14.9

7.5- 14.9

6.6 - 15.9

7.5- 15.9

Immediately after pressurization at indicated time.
At bottom of tank.

_Temp - 37.2OR, Vol. = ll5 gal, p
4.417 ibs/ft3 0.591 ibs/gal.

At I min befoTe tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions

ffor Para-Hydrogen. NBS Tech Note 130 (Dec. 1961).
Time from reactor at level power to tank empty.

gInitial volume (or weight) divided by flow time.

295



O

r-q

O
C_
r-q

(I_) _nIOA _H_
0
0 0 0
r.--I cO _0

0
cU

NPC 20,502

O

\
\

° \

P_

4.o
&

..e"

c_e_
I
I
i

I

!
i

t'_ _0 0 ,_l

0 0

0

o

0
0
.-.d-

4_

,--I %

•,_ _ 0
_'_ _ ._I

O O

O O

I

/-

\
\

,%

\
\

\
\

o

v

0

>

,o.oo,040'u_ 0 0

(_eej oTqno pa_pu_) omnloA _HD
| | i ! | ,

0 0 0 0 0
_ o'_ C_I r..-I

bO

0

¢q

0

0
,--4
!

_0

C_

0

0

,--4
!

bO

_0

oJ

0

296



53.7

NPC 20,563

_;1.2

50.5

49.9

47.8

o_ h7.3
0

_6._

c_

® 45.7
¢h

_ 43.9
o

[_3.0

Ax = i in.--_

I

42.0

hl.l

_o.o

38.9

38.1

37_

5

Figure 4.3-2

?
Time (rain)

Strip-Chart Temperature Date:
Thermometer 14

Run 16-101,

297



cC
o
v

4_

4)

4)

_q

i

I
, t

Approx 14°R

(channel off calibration)

,: i [
i

i

___ !
I

!

I :
I

I

I '
i

: i I
I

,_ II I

!

I

i

i

I I |i
I i II

i

i i
I

J i

8
Time (minl

Ax= 1 in

I

I

I

I
I

!

!

r

Figure _.3-3 Strip-Chart Temperature Data:

Thermometer Ii

NPC 20,56|

I

9

Run 16-101,

io

298



51 •7

51.2

50.5

49.9

49.2

_8.3

h7.8

47.3

46.4
.p

h5.7
0
E-4

_43.9

43.0

42.0

AX = I in._

38.9

38.1 -

37.4

8 9

Time (min)

Figure 4-3-4 Strip-Chart Temperature Data:
Thermometer i0

Run 16-101,

i0

299



51•7

51.2

NPC 20,566

50.5

49 •9

49.1

48.4

c_
O

®

q)

47.9

47.1

46.2

45.5

44.7

43.9

43.0

42 .0

41.1

_x = I in. --_

40.0

38.9

37.7

37.1

8 9

Figure 4.3-5

/
1 1 ,

I0 II

Time (min)

Strip-Chart Temperature Data: Run 16-101,
Thermometer 9

12

3O0



51.7

51.2

NPC 20,567

50.5

49.9

49.2

48.3

47.8

h7.3

J 46._

0

45.7
4_

N 43.9
,,..t

Et

_ 43.0

42.0

Ax = I in.-_

f

41.1

40.0

38.9

38.1 --

37.4

i0 ii 12

Time (min)

Figure 4.3-6 Strip-Chart Temperature Data:

Thermometer 8

Run 16-101,

13

l " 301



51.7
NPC 2O,568

51.2

50.5

49.9

_9.1

b8.k

c_
o
v

,.--I

..,..4

0

47.9

_7.1

46._

k5.5

4_. 7

43.9

43.0

AX = I [n.---_ 7

42.0

41 •1

_o.o

38.9

377 !

l l l

/
ii

Figure

12

h.3-7

13 14

Time (min)

Strip-Chart Temperature Data:
Thermometer 7.

Run 16-101,

15

302



55.5

_Pc 2o,569

42.8
®
E-4

r-4

E
o

_kx = I in.--_

/

l

37.1
i I I

l I I

12

Figure 4.3-8

l I I
I I I

13

Time (min)

Strip-Chart Temperature Data:

Thermometer 25

Run 16-101,

15

303



52.3
NPC 20,570

51 •7

51.2

50.5

O
v

®

r-4
c_

O

49.9

49.2

48.3

47.8

47.3

_6._

45.7

_.9

_3.9

43.0

Thermometer 22

f

Thermometer

_2.0

41.1

40.0

39.4 -

38.9

38.1 -

37.4
13

Figure _.3-9

/
__J

14 15
Time (mln)

Strip-Chart Temperature Data:

Thermometers 4 and 22

16

Run 16-101,

3o4



52.0
NPC 20,571

50.2

49.5

A

c_
o
v

4_

o

48.8

48. I

475

46.7

45.9

45.1

44.3

43._

F

42.5

hl.6

40.8

39.5

38.3

37.7 -

37.1
I0

! I I 1

ii

Figure 4.3-10

i I I II I I

I__.t.-+--+---

12 13 14

Time (min)

Strip-Chart Temperature Data:
Thermometer 1

#

15 16

Run 16-i01,

3o5



T

n,.,e

I,&,l

l-..

,..I

I-,,.

N'
W
I.-
U.I

0

"T"
O,.-

W

In
,.I
0

I,LI

k-

UJ
I--
UU _-
• r _r
0 UJ

"1-
_- LM

_r

UJ

f..
eq

0

0¢
LU
I--

X 1-
0 , ',,,l,J
!- v-

-r
LLI
I"

IN

LU

I,-

UJ

0

k-

oooooeeeoooooooeeeeeeeoeeooeeoeoeeeoo

OooeooeeooeOeeooeoeeeoooeeeooooeoeooe

306



cO

0¢
_U
I-.
UJ
!"
0
5"
IX
ILl
2:
I.-

IIIIIIII

UJ
!.

I--

o
L)

I

_o

UJ

I--
f,, _J

0

Ua
I--
u_ O.
5" 5"
0 U_

"I'-
_- UJ

uJ

,¢

0

O_

•r I"
0 U_

UJ
1"
_- uJ

_m

I| _
I!

00_0000000000000000000000000000000000

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

_u
5"
0
_r

ILl
1"

U_

.J
C)

UJ
Ir

eeooooooooooeeoeoeoeooooeel_eJooooooe

307



N
w-I

I--

0
X

lld
"!"
I--

I I I | I I I I I I I I _N__N__N_N__
I I I t I I I I I I I I I I I I I ! I I I I I I I

"0

0

C_

I

DO

b-

I"
0
1-

-r
I--

0

o¢

p-

0

0 |_NNNNNNNNNNNNNNNNNNN
I I I I I I I I I I I I I I I I I I I I I

BJ
nr
m-I
I--

g_2_2_22_23333ddd_332_ddg_ddg_d_
0 I I _NNNNNNNNNNNNNNNN

I I I I I I I I I I I I I I I I I

oeo

O.U

p...

O_

O_
W
I-

0

o_
_d

u.I

308



0{
U.I
I,-
LIJ
5"

11:
0_

"I-
I...

ooO$oooooooeo$oooooooeeoooooe$ooooooo

_N_N_ I_O0000000_O0_O0_O00_O0_
O I_NNNNNNNNNNNNNNNNNNNNNNNNNNN

I I I I I I I I I I I I I I I I I I I I I I I I I I I I

51"
ome
I,,,,

o
L_

I

E-4

et
k-

o

_J

uJ _.
5- _r
0 uJ

.1..
_- uJ

_r

t-

Lu

uJ

_r !"
0 w
5- _.

_U
1"
_- Lu

T

___ _000 O0 O000000000000000000_0
I_N_NNNNNNNNNNNNNNNNNNNN_NNN

I I I I I I I I I I I I I I I I t I I I I I I I I I I

___0000000000000000000000000
I_NNNNNNNNNNNNNNNNNNNNNNNNN

I I I I I I I I I i I I I I I I I | I I I | I I I I

LU

5"
0
5"

1"

0 I NNNNNNNNNNNNNNNNNNNNNNNN
I I I I I I I I I I I I I I I I I I I I I I I I

UJ

N

309



0
N

W
I--

11:
C_
_r

LU
-r
I-..

_00000000000000000000000000000_000_
0 _NNNN_NNNNNNNNNNNNNNNNNNNNNNNNN_NN

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

UI,,I
=11:
N
f=.

"0

L
o

¢J

O4
I

_J

(7* ..I

I.U

0 i,U

IM
"r

!.

Lu
L_

I--

0

I.-.
I.U _.

0 _U
!" I...

3:
In U.I

I"

I.'-

_ _0000 O0 O00000000000 O00000000000 O00_0

I I I I I I I I I I I I I I I I I | I I I I I I I I I I I I | I I I I

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

__00

ELI
I"

I:
0
!"

-r
I=-

_ I I I I I I 100000000000000000000000000_0

) I I I I I I I I I I I I I I I I'1 I I I I I I I I I I I

_. 00..0,0 ,0,0,.0_1 _OP.- ,4" ,,0 ,0 ,0 ,O _O P- ,O P'.

W

310



N

k-
uJ
Z
O
lr

_J
3:
k-

,(
h-
.J
O
)D

III_
!

_u
!"

Iw

o

!
C_

UJ

_J
_r
0

UJ
"!"
In

N
N

k-

0
t1"

UJ
"r

> I

14.1
!"

k.

O III_
I

Z •

UJ
!"

N

_J
k-
UJ
_r
O
!"

ug
3:
In

         ggggggggggggggggggggggggJ   
___ I I I I I I I I I I I I I I I I I I I I I I I I N_ I N

I

W
X

311



0O
IN

,v
UJ
I--
UJ
Ir
O
sr

_J
"r
I.-

0 II_NNNNNNNNNNN
) I I I I I I I I I I I I I

UJ
r

b,,

L
o
co

I

C_

p..

UJ

uJ
!"
O
:IE
c<
UJ
"1"
I--

N

UJ
I--
UJ

C)
11-
0¢
UJ
"1"
I--

II_NNNNNNNNNNN
I I t I I I I I I I I I I

UJ
:E

p,.

O II_NNNNNNNNNNN
I I I I I I I I I I I I I

_U
I"
..,e

u%
n4

_U

CO
I"

,.u
I-

0 II1_
> I

kU
lg

312



f_

_U
b-
_J

I-

LU
"I"

O _NNNNNNNNNNNNNNNNNNNNNN_NNNNNNNNNNNNN
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i i

UJ

0

!

UJ

!" _r
0 _U

r_
eLI

_r

UJ

0 -J

O_

UJ _.

0 U_
!" _.

JJ
-r
_- UJ

!"

O000000 O0 O0000000000000000000000000_0

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i

I I t I I I I ! I I I I I

I-
0
s_

L_
1-

I I I I I I I I I I I

• eeeooeeooeeeoooeoeeoeooooooeoeooeeeoo

s"

1.,,

313



Table 4.3-3

Parametric Conditions and Test Results Summary
for Run 16-110

Startin 5 Condltlons a

Volume (gal)

Pressure (psla)

Temperature b _i(OR)

WelghtC (lb)

Final Condltlons d

Pressure (psla)

Temperature (OR)

Saturation Tempe (OR)

Run Data

Temperature Rise (OR)

Run Time f (rain)

Flow Time (rain)

Flow Rateg" (gpm)
(Ib/sec )

Power Level (Mw)

Integrated Power (Mw-hr

..........Cgnd!t!pns .......
Desired Obtained

112 - 125 115

60 6O

37.1

66 - 74 68.0

60 54.0

47 38.7

47 46.1

2

9 - n

9 - 11

12.25
0.12

1.00

0.167

1.6

i0.3

8.5

13.5
O. 134

I. 065

O. 183

Minutes After
Zero Time

20.6

28. i

20.6 - 28.1

18.8 - 29.1

20.6 - 29.1

_Immediately after pressurization at indicated time.
UAt bottom of tank

CTemp = 37.1°R, Vol. - I15 gal, p - 4.422 lbs/ft3 - 0.5911bs/gal.
dAt I min before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwln Provisional Thermodynamic Functions
for Para-Hydrogen. NBS Tech Ne_e 130 (Dec. 1961).

fTime from reactor at level power to tank empty.
gInltial volume (or weight) divided by flow time.
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4.4 Run 17

Run 17 (reactor run 108) was a high-flow-rate, high-pressure,

high-heating-rate test made with Configuration io Parametric

conditions and test results are summarized in Table 4.4-I. Pressure,

flow, and strip-chart data are presented in Figures 4.4-I through

4.4-7.

The tank was filled 3 hours 45 minutes before the timer

was turned on for this run. Other timing information is given

in Table 4.0-1.

System pressure stabilized at approximately 55 psia. The

flow rate was somewhat erratic at the beginning, but stabilized

for the last half of the run. The mean flow rate was satisfactory.
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Table 4.4-1

Parametric Conditions and Test Results Summary

Startin_ Conditions a

Volume (gal)

Pressure (psia)

Temperatureb (OR)

Weight c (It)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Tempe (OR)

Run Data

Temperature Rise (OR)

Run Time f (min)

Flow Time (min)

Flow Rateg:(gpm)
(ib/sec )

Power Level (Mw)

Integrated Power (Mw-hr

for Run 17-108

Conditions
Desired Obtained

112- 125 109

60 56.7

37.8

66 - 74 63.8

60 55.o

__47 41.8

47 46.2

8

9- 11

9- n

12.25
0.12

3.0

0.5

4.0

9.6

8.5

12.8
o.125

3.0

0.475

Minutes After
Zero Time

9.0

16.3

9.O - 16.3

8.9- 17.5

9.0 - 17.5

almmediately after pressurization at indicated time.
bat bottom of tank.

CTemp = 37.9OR, Vol. - 109 gal, p = 4.38 ibs/ft3 = 0.586 lbs/gal
dAt 1 min before tank was.emptied and/or at indicated time.
eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-Hydrogen. NBS Tech Note 130 (Dec. 1961).

rTime from reactQr at leve_ power to tank empty.
gInitial volume (or weight) divided by flow time.
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4.5 Run 18

Run 18 (reactor run I00) was a low-flow-rate_ low-pressure_

low-heating-rate test with Configuration I. The objectives of

this test were the same as those of Run 14; thus_ it was actually

a planned repeat. Parametric conditions and test results are

summarized in Table 4.5-1. Timing information is given in Table

4.0-1. Test data are presented in graphical form in Figures

4.5-1 through 4.5-10.

The tank was filled approximately five minutes prior to

turning on the timer for this run. Stable flow rate and system

pressure were achieved shortly after start of flow (Fig° 4o5-1)o

Saturation conditions were reached approximately one minute before

reactor shutdown and approximately two minutes before the tank

was emptied. An excursion in the temperature was observed with

Thermometer 4 (Fig. 4.5-9) at about the time of the reactor shut-

down. Break-overs in the temperature curves for most of the

other thermometers indicate the presence of a stratified layer

of liquid approximately I inch thick.
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Table 4.5-1

Parametric Conditions and Test Results Summary
for Run 18-100

Starting Conditions a

Volume (gal)

Conditions
Desired

1i2 - 125

Obtained

ll6.5

Minutes After

Zero Tlme

Pressure (psia)

Temperature b (OR)

Weight c (lb)

Final Condltlons d

Pressure (psia)

Temperature (°R)

Saturation Tempe (OR)

Run Data

Temperature Rise (OR)

Run Time f (min)

Flow Time (mln)

Flow Rateg '(gpm)

(lb/s ec )

Power Level (Mw)

Integrated Power (Mw-hr

3O

66 -74

3o

• 41.3

41.3

4.0

27-

27-

4. o8
o.o4

O. 50

O.25

33

33

28.5

36.8

68.6

29.0

41.0

41.0

4.2

29.9

29.4

3.97
0.039

o.555

o. 277

8.9

38.9

8.9- 38.9

8.9- 38.8

10.4 - 39.8

blmmediately after pressurization at indicated time.
At bottom of tank.

CTemp _ 36.8OR, Vol. - 116.5 gal, p - 4.41 Ibs/ft3 = 0.589 ibs/gal.

dAt 1 min before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions

_for Par a-Hydrogen. NBS Tech Note 130 (Dec. 1961).

_ Time from reactor at level power to tank empty.
gInitial volume (or weight) divided by flow time.
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,-4

O
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hO. 6
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Ax : i in.

/
/
/
/

Ii 12

Time (min)

Figure 4.5-2 Strip-Chart Temperature Data:

Thermometer 14

13

Run 18-100,

362



NPc 2o,587

o
v

4)

A_

q)

o

14
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• Strip-Chart Temperature

Thermometer ii

Data:

17

Run 18-100,
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48 •8
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0

_ 45.9
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0
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h2•5

40.6

38.3

Ax = i _n. )I I_I-

/

J
/
/

18 19 20

Time (min)

Figure 4.5-4 Strip-Chart Temperature Data:
Thermometer I0

Run 18-100,

21
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q)
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© 45.9
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hO.6

38.2 -

37.6 '!

Ax = i in. " I

Saturation temperature,_41.2°R _

I I ' |

J

i

I
/
/

i

/

/
/
f

/
/
/
f

20 21 22

Time (min)

Figure 4.5-5 Strip-Chart Temperature Data:
Thermometer 9

23

Run 18-100,

24
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o
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®

A_

O

.-4

O

51.7

51•0

50.3

49.

48.7

47.9

47.1

46.2

45.z

4h.2

43.4

42.4

41.2

4o.8

40.0

39.7

38.9 -

38.1

37.5 -

36.6

_Ax = i in.

26

Figure 4.5-6

J
1'I

J
J

27 28

Time (min)

Strip-Chart Temperature Data:
Thermometer 8

!
!
!

Run 18-100,

!

!
!

29
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0
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_.5

41.5
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39.9 -I
39.5

AX = I in.

, i--4 j
-!

/

/
/

,/
I

/

NPC 20,591

/
/

/

32 33 34

Time (mln)

Figure 4.5-7 • Strlp-Chart Temperature Data:
Thermometer 25

Run 18-100,

35
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40.9 --

40.6

39.3
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4x = I ino--4
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/
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32 33 3[_

Time (rain)

Figure 4.5-8 Strip-Chart Temperature Data:
Thermometer 22

Run 18-100,

35
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Figure 4.5-9

J

39 40

Time (min}

Strip-Chart Temperature Data: Run
Thermometer 4

/
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Figure 4.5-10 Strip-Chart Tempersture Data:
Thermometer 1
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4.6 Run 19

Run 19 was a low-flow-rate, low-pressure, low-heating-rate

run made with Configuration 2. The run was repeated once°

Reactor Run lO1

Parametric conditions and test results are summarized in

Table 4.6-1. Timirginformation is given in Table 4.0-1. Pressure

and flow data are presented in Figure 4.6-1 and strlp-chart data

are given in Figures 4.6-2 through 4°6-5.

The tank was filled approximately 30 minutes before the

timer was turned on for this run. The liquid flow rate on this

run was slightly higher than desired - 0.055 lb/sec instead of

0.04 lb/sec - and the system stabilized at a slightly lower pressure

than desired (about 29 psia). The run was repeated during reactor

run ll0 in an attempt to obtain a more satisfactory flow rate.

Reactor Run ll0

Parametric conditions and test results are summarized in

Table 4.6-3. Timing information is given in Table 4.0-1. Pressure

and flow data are plotted in Figure 4.6-6 and strlp-chart data

in Figures 4.6-7 through 4.6-15.

The tank was filled 21 minutes before the timer was turned on

for this run. A more satisfactory flow rate was obtained during

this second trial of the test; however, the system pressure stabilized

approximately 14 % high, and the supply of pressurization gas

was depleted before the end of the run. Approximately 1.5 minutes

before the reactor shutdown, the pressure started falling (Fig. 4°6-6)

and the LH 2 temperatures, as seen with Thermometers 1 and 4, dropped
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correspondingly (Figs. 4.6-14 and 4.6-15).

Pressurization gas used for this run consisted of a mixtu_e

of I0_ by weight of hydrogen and 90% by weight of helium. The

use of a mixture was necessitated by near exhaustion of the supply

of hydrogen gas.
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Table 4.6-1

Parametric Conditions and Test Results Summary
for Run 19-101

Startin6 Conditions a

Volume (gal)

Pressure (psia)

Temperatureb i(OR)

WeightC (lb)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Temp e (°R)

Run Data

Temperature Rise (°R)

Run Time f (rain)

Flow Time (rain)

Conditions
Desired Obtained

112 -125

3O

66-

3o

!-_41.3

41.3

4.0

27-

27-

37.5

74 65.6

29.4

40.05

41.14

2.6

33 27.0

33 119.9

Flow Rateg :(gpm)

(ib/sec)

Power Level (Mw)

Integrated Power (Mw-hr)

4.08

0.04

1.0

0.5

5.6

0.055

o.985

0.444

Minutes After

Zero Time

10.9

29.9

10.9 - 29.9

3.9- 30.9

ii.0- 30.9

Immediately after pressurization at indicated time.
At bottom of tank.

c Temp = 37.5OR, Vol. - lll.5 gal, p = 4.399 lbs/ft3 = 0.588 lbs/gal.

dAt 1 min before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-Hydrogen. NBS Tech Note 130 (Dec. 1961). !

fTime from reactor at level power to tank empty. J_-

gInltial volume (or weight) divided by flow time.
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Table 4.6-3

Parametric Conditions and Test Results Summary

for Run 19-110

Startin _ Conditions a

Volume (gal)

Pressure (psia)

Temperature b (OR)

WeightC (lb)

Final Conditions d •

Pressure (psla)

Temperature (OR)

Saturation Temp e (OR)

Run Data

Temperature Rise (OR)

Run Time f (min)

Flow Time (mln)

Flow Rateg "(gpm)

(ib/sec )

Power Level (Mw)

Integrated Power (Mw-hr

Conditions

Desired

112 - 125

30

66 - 74

3O

_41.3

41.3

4.0

27 - 33

27 - 33

4.08

O.04

i.o

0.5

Obtained

111.5

34.4

36.8

65.6

34.3

40.O

42.3

3.2

27.5

26.4

4.22

0.041

i.o92

0.5

Minutes After

Zero Time

22.2

47.0

22.2 - 47.0

21.1 - 48.6

22.2- 48.6

Immediately after pressurization at indicated time.
At bottom of tank

CTemp - 36.8°R, Vol. - Ill. 5 gal, p - 4.4 lbs/ft3 = 0.588 lbs/gal.
dAt 1 mln before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions

for Para-Hydrogen. NBS Tech Note 130 (Dec. 1961).
fTime from reactor at level power to tank empty.

gInitial volume (or welght) divided by flow time.
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•7 Run 20

Run 20 (reactor run 102) was a low-flow-rate, high-pressure,

medium-heating-rate run made with Configuration 2. Parametric

conditions and test results are summarized in Table 4.7-1. Timing

information is given in Table 4.0-1. Test results are presented

in Figures 4.7-1 through 4.7-11.

The _i. _7_ _ _I_,_ before t_ time_ was turned_ was __ _ _,,.,_,_ ............

on for this run. Saturation conditions were reached approximately

I minute before the tank was emptied, as indicated by the decrease

in PGH 2 flow and the strip-chart data for Thermometer i (Figs. 4.7-1

and 4.7-11).
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Table 4.7-1

Parametric Conditions and Test Results Summary
for Run 20-102

Startin5 Conditions a

Volume (gal)

Pressure (psia)

Temperature b (OR)

WeightC (Ib)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Temp e (OR)

Run Data

Temperature Rise (OR)

Run Time f (min)

Flow Time (min)

Flow Rateg:(gpm)
(It/see)

Power Level (Mw)

Integrated Power (Mw-hr

Conditions
Desired

112 - 125

6O

66 - 74

6O

47

47

8

27 - 33

27 - 33

4.08
O.O4

2.0

1.0

Obtained
Minutes After

Zero Time

111.5

56.4

37.2

65.9

58.8

46.8

46.8

9.6

32.9

30. i

3.7
0.037

2.175

1.19

3.2

32.3

3.2 - 32.3

0.2 - 33.1

3.2 - 33.3

almmediately after pressurization at indicated time.
bat bottom of tank.

CTemp = 37.2OR, Vol. = 111.5 gal, p = 4.417 ibs/ft3 = 0.591 lbs/gal.
dAt 1 min before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-Hydrogen. NBS Tech Note 130 (Dec. 1961).

fTime from reactor at level power to tank empty.
ginitial volume (or weight) divided by flow time.
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Figure 4.7-7 Strip-Chart Temperature Data:
Thermometer 7
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Figure 4.7-8 Strip-Chart Temperature Data:

Thermometer 25
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4.8 Run 21

Run 21 (reactor run 102) was a high-flow-rate, high-pressure,

medium-heating-rate run made with Configuration 2. Parametric

conditions and test results are summarized in Table 4.8-1. Timing

information is given in Table 4.0-1. Test data are presented

in Figures 4.8-1 through 4.8-11.

The tank was filled approximately 2 hours and 20 minutes

before the timer was turned on for this run. The stability of

the liquid and gaseous flow rates and pressure was satisfactory;

however, the flow rate was approximately 20_ lower than desired

(0.i011b/sec instead of 0.12 Ib/sec).
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Table 4.8-1

Parametric Conditions and Test Results Summary
for Run 21-102

S.tartin_ Condltlons a

Volume (gal)

Pressure (psla)

Temperature b (OR)

Weight c (ib)

Final Condltions d

Pressure (psia)

Temperature (°R)

Saturation Temp e (OR)

Run Data

Temperature Rise (OR)

Run Time f (mln)

Flow Time (min)

Flow Rateg' (gpm)
(ib/seo)

Power Level (Mw)

Integrated Power (Mw-hrl

CondJ
Desired

112 - 125

60

66 - 74

6O

__47

47

2

9- 11

9- 11

12.25
O. 12

1.5

0.25

,tions
Obtained

115

58.9

37.2

68.0

58.8

39.0

246.8

1.8

14.9

11.2

io. 3
O. iO1

i. 56

O. 387

Minutes After
Zero Time

6.5

16.7

6.5- 16.7

2.8- 17.7

6.5- 17.7

Immediately after pressurization at indicated time.
At bottom of tank.

CTemp - 37.2OR, Vol. - i15 gal, p = 4.417 lbs/ft3 = 0.591 lbs/gal.
dAt 1 min before tank was emptied and/or at indicated time.
eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-Eydrogen. NBS Tech Note 130 (Dec. 1961).

fTime from reactor at level power to tank empty.
gInltial volume (or weight) divided by flow time.
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Figure 4.8-2 Strip-Chart Temperature Data:

Thermome t_ r 14

Run 21-102,
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4.9 Run 22

Run 22 (reactor run 109) was a high-flow-rate, high-pressure,

high-heating-rate run made with Configuration 2. Parametric

conditions and test results are summar_ed in Table 4.9-1. Timing

information for the run is given in Table 4.0-1.

The tank was filled approximately 40 minutes before the

timer was turned on for this run. Pressure and flow data are

given in Figure 4.9-1 and strip-chart data are presented in Figures

4.9-2 through 4.9-I0.
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Table 24.9-1

Parametric Conditions and Test Results Summary
for Run 22-109

Starting Conditions a

Volume (gal)

Pressure (psia)

Temperatureb (°Ri

Weight c (ib)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Temp e (OR)

Run Data

Tempeature Rise (OR)

Run Time f (min)

Flow Time (mln)

Flow Rag_ (gpm)
(ib/sec)

Power Level (Mw)

Integrated Power (Mw-hr)

Conditions
Desired

112 - 125

6O

6O

_-47

47

66 - 7_

8

9- 11

9- Zl

12.25
O. 12

6.0

1.0

Obtained

118.5

58.4

37.6

69.6

54. i

41.6

46.1

4.0

io.3

9.0

13.2
o.13

5.72

0.98

MinutesAfter
Zero Time

8.7

16.7

8.7- 16.7

7.4 - 17.7

8.7- 17.7

almmediately after pressurization at indicated time.
bAt bottom of tank.
CTemp = 37.6°R, Vol. - 118.5 gal, p - 4.4 ibs/ft 3 = 0.588 Ibs/gal.

dAt 1 min before tank was emptied and/or at indicated time.
eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-H_drogen. NBS Tech Note 130 (Dec. 1961).

fTime from reactor at level power to tank empty.
glnitial volume (or weight) divided by flow time.
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51._
NPC 20,628

50.2

48.8

b7.5

c_
o

45.9

II

_ tOS.3

_ _3._

42. 5

Ax:I in.

41.6

bO.6

39.5

38.3

37.8 -

37 .i

36.5

J

7 8

Time (min)

Figure 4.9-2 Strip-Chart Temperature Data:

_nermometer 14

Run 22-109,
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_PC 20,629

51.4

50.2 4_ • • I

h8.8

a)

a5,9

o 4h. 3
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b2.5

hl •6

40.9

40.6

39.6

39.0 -

38.5
37.7 -

37.1
9

/

i0 II

Time (mln)

Figure 4.9-3 Strip-Chart Temperature Data:
Thermometer I0
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Run 22-109,

13
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Figure 4-9-4
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Strip-Chart Temperature Data:
Thermometer 9
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Run 22-109,
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o
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45.5

_ _.7
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0
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Figure 4.9-5
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Strip-Chart Temperature Data:
Thermometer 8
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Run 22-109,
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Figure _.9-6 Strip-Chart Temperature Data:
Thermometer 7
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Run 22-109,

i7

546



NPC20,633

AX = 1 in. I

o

4_

_I.6

_. bl,l -
_ kLO.6

_ -
39.

I ' ' I
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Figure 4.9-7

!

15 _6

Time (rain)

Strip-Chart Temperature Data:
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Run 22-109,

17

547



NPC 20,634

51.4

50.2

48 •8

o_ 47.5

{P

4_

?_45.9

[.--t

r-t

_.3

Ax = 1 in.--_

42.5

1,0

40.6

40.1 --

39.5

38.9 --

38.3

14

Figure h. 9-8

I

_5 f6

Time (min)

Strip-Chart Temperature Data:
Thermometer 22
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NPC 20,635
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Figure 4.9-9 Strip-Chart Temperature Data:

Thermometer 4
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Run 22-109,
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Thermometer i

Figure LI.9-10 Run 22-109,
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4. lO Run 23

Run 23 (reactor run lO1) was a high-flow-rate, low-pressure,

medium-heating-rate run made with Configuration 2. Parametric

conditions and test results are summarized in Table 4.10-1.

Timing information is given in Table 4.0-I.

The tank was filled 90 minutes before the timer was turned

on for this run. Pressure and flow rate were essentially con-

stant during the major portions of the run (Fig. 4.10-1). Because

of failure of the flowmeter readout, no pressurization gas utiliza-

tion data were obtained. Strip-chart data are recorded in Figures

4.10-2 through 4.10-5.
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Table 4.10-1

Parametric Conditions and Test Results Summary
for Run 23-101

Startin 5 Conditions a

Volume (gal)

Pressure (psia)

Temperature b (°R)

Weightc(ib)

Final Conditions d

Pressure (psia)

Temperature (OR)

Saturation Temp e (OR)

Run Data

Temperature Rise (OR)

Run Time f (rain)

Flow Time (rain)

Flow Rateg" (gpm)

(Ib/s ec )

Power Level (Mw)

Integrated Power (Mw-hr

Conditions Minutes After

Desired -O-6-t_i-_e--_-- Zero Time

i12 - 125 I15 4.5

30 28.4

36.7

66 - 74 67.6

30 27.4 14.3

41.3 39.4

41.3 40.6

2 2.7 4.5 - 14.3

9 - ll 13.3 2.0 - 15.3

9 - ii lO.8 4.5 - 15.3

12.25 10.65

0.12 0.104

2.0 2.22

0.33 0.49

aImmediately after pressurization at indicated time.
bAt bottom of tank.

CTemp = 36.7°R, Vol. = ll5 gal, p - 4.4 lbs/ft3 = 0.588 lbs/gal.

dAt 1 min before tank was emptied and/or at indicated time.

eH. M. Roder and R. D. Goodwin, Provisional Thermodynamic Functions
for Para-Hydrogen. NBS Tech Note 130 (Dec. 196i)

fTime from reactor at level power to tank empty.

gInitial volume (or weight) divided by flow time.
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